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Description 

HIGH RESOLUTION CROSS-SECTIONING 
OF POLYSILICON FEATURES WITH A 
DUAL BEAM TOOL 

Background of Invention 

[0001] The present invention relates generally to high resolution 
cross-sectioning of polysilicon features with a dual beam 
tool, and more particularly pertains to high resolution 
cross-sectioning of polysilicon features with a dual beam 
(electron beam and focused ion beam) tool that provides a 
compatible metrology technique, provides measurements 
of iso-features, and provides a metrology for 3-D (three 
dimensional) profiles. 

[0002] | n current technologies used in process development and 
failure analysis during semiconductor manufacturing, it is 
very important to be able to obtain precise measurements 
and cross sections of critical polysilicon structures, such 
as polysilicon gate line features, which are developed on a 
silicon wafer. 



[0003] The prior art uses an ion beam initiated Pt (platinum) 

coating on polysilicon line features, takes an ion beam 

cross-section of the Pt coated polsilicon line features, and 

then uses SEM (scanning electron microscope) imaging to 

evaluate the features of the polysilicon line features. The 

prior art process results in severe rounding of the top 

edges of the polysilicon line features. 
Summary of Invention 

[0004] The present invention provides high resolution cross- 
sectioning of polysilicon features with a dual beam 
(electron beam and focused ion beam) tool, and is partic- 
ularly applicable to features having dimensions of 90 nm 
or smaller. The processes of the present invention allow 
evaluation and measurement of polysilicon features on a 
silicon wafer by a dual beam tool employing a scanning 
electron microscope and a focused ion beam tube without 
destruction or deformation of the polysilicon features by 
the focused ion beam, as was prevalent with prior art pro- 
cesses. 

[0005] The advantages of the present invention are that it is a 
compatible metrology technique, provides measurement 
of iso-features, and provides a metrology for 3-D (three 
dimensional) profiles. The present invention also does not 



damage or deform the features being measured, as is 
common with prior art approaches using an ion beam 
during platinum encapsulation of the features being mea- 
sured which result in severe rounding of the top edges of 
polysilicon line features. 

[0006] The method of the present invention comprises consecu- 
tive steps of encapsulating the polysilicon features of in- 
terest with a metal coating, followed by ion beam cross 
sectioning of the metal encapsulated polysilicon features, 
followed by electron (E) beam and gas etching and clean- 
ing of the polysilicon from the encapsulating metal to re- 
move the polysilicon while leaving the polysilicon surface 
features preserved in the encapsulating metal. 

[0007] | n greater detail, the method is practiced with a dual beam 
tool comprising a scanning electron microscope (SEM) and 
a focused ion beam tool. Advantageously, in the electron 
(E) beam and gas etching and cleaning step, the cleaning 
and imaging are simultaneous, allowing E beam imaging 
while the cleaning is taking place to evaluate the extent of 
cleaning. The step of etching and cleaning is followed by a 
final scanning electron microscope (SEM) imaging and 
evaluation of the metal preserved polysilicon features. The 
step of etching and cleaning preferably utilizes an etching 



gas comprised of XeF2 (xenon difluoride). 
[0008] The step of encapsulating preferably includes encapsulat- 
ing the polysilicon features of interest with an E (electron) 
beam initiated metal coating wherein the E beam ener- 
gizes and speeds up metal deposition during the encap- 
sulating step while resulting in minimized damage to the 
features of interest. The method is advantageously prac- 
ticed on polysilicon features having dimensions of 90 nm 
or smaller. The polysilcon features can be encapsulated in 

any suitable metal such as platinum Pt or tungsten W. 
Brief Description of Drawings 

[0009] The foregoing objects and advantages of the present in- 
vention for high resolution cross-sectioning of polysilicon 
features with a dual beam tool may be more readily un- 
derstood by one skilled in the art with reference being had 
to the following detailed description of several embodi- 
ments thereof, taken in conjunction with the accompany- 
ing drawings in which: 

[0010] Figure 1 illustrates a dual beam (electron beam and fo- 
cused ion beam) tool which is used to obtain high resolu- 
tion cross-sectioning of polysilicon features pursuant to 
the present invention to provide measurements of iso- 
features and a metrology for 3-D (three dimensional) pro- 



files of the polysilicon features. 
[0011] Figure 2 is a process flow diagram which illustrates the 
consecutive steps of the present invention for high reso- 
lution cross-sectioning of polysilicon features with a dual 

beam tool. 
Detailed Description 

[0012] As chip design ground rules have been reduced, the gate 
features on a silicon chip have also become smaller. 
Moreover, the gate feature profile metrology is critical for 
proper process control. The only true cross-sectioning 
technique is by mechanical cleavage, which is destructive 
and time consuming. 

[0013] jhe present invention uses a dual beam tool and system 
to provide non-whole-wafer-destructive cross-sectioning 
with a high throughput. The dual beam approach of the 
present invention preserves the true profile of the polysil- 
icon features being examined and also provides high res- 
olution images for metrology. 

[0014] Figure 1 illustrates a dual beam (electron beam and fo- 
cused ion beam) tool 10 which is used to obtain high res- 
olution cross-sectioning of polysilicon features pursuant 
to the present invention. The dual beam tool 10 includes 
an enclosure wall of a tool housing 12 that encloses a tool 



chamber 14. A scanning electron microscope (SEM) 16 ex- 
tends through the housing wall 12 into the tool chamber 
14 at an angle of tilt relative to a focused ion beam (FIB) 
tube 18 and a horizontal surface of a test specimen 20 
mounted on a stage 22. A nozzle 24 of a gas injection 
system (GIS) also extends through the housing wall 12 
into the tool chamber 14, and is adapted to introduce a 
gas, such as gaseous XeF into contact with or in proxim- 
ity to the sample or test specimen 20. 

[0015] An exemplary process below mentions a 52° tilt angle 
which is really a function of a standard configuration of 
the dual beam tool. Typically, a silicon wafer is milled by 
the FIB bean with the wafer tilted at an angle which is lim- 
ited by the configuration of the tool, and the wafer is then 
rotated to be cleaned and imaged by the SEM bean. The 
tool configuration limits the maximum tilt angle to about 
60 degrees. Preferably, the SEM beam should be aimed at 
the highest angle possible to obtain the best image rela- 
tive to the cross-sectioned face. 

[0016] The first step of the present invention uses an encapsula- 
tion procedure to preserve the profile of the polysilicon 
features being examined, particularly the top surfaces and 
edges of the polysilicon features. The polysilcon features 



can be encapsulated in any suitable metals such as plat- 
inum Pt or tungsten W or any other suitable metal. The 
example given herein is with respect to Pt which is exem- 
plary of other metals in general. A local E beam provided 
by an electron microscope is used in conjunction with the 
Pt deposition, and minimizes damage to the silicon fea- 
tures compared to the regular prior art deposition using 
an ion beam. 

[0017] Figure 2 is a process flow diagram which illustrates the 
consecutive steps of the present invention for high reso- 
lution cross-sectioning of polysilicon features with a dual 
beam tool. The process of the subject invention uses con- 
secutive steps of: 

[0018] (i) e (electron) beam initiated metal (e.g. Pt) coating to 
encapsulate the silicon features of interest; 

[0019] (2) ion beam cutting or sectioning of the metal encapsu- 
lated silicon features; 

[0020] (3) e beam and etching gas (preferably XeF2 (xenon biflu- 
oride)) etching/cleaning of the polysilicon from the en- 
capsulating metal to remove the polysilicon while leaving 
the polysilicon surface features preserved in the encapsu- 
lating metal; and 

[0021] (4) SEM (scanning electron microscope) imaging and eval- 



uation of the metal preserved polysilicon features. 
[0022] The dual beam approach of the present invention uses an 
E (electron) beam in the first and third steps and an ion 
beam in the second step. The use of an E beam in the 
third cleaning step is considered to be particularly advan- 
tageous in the process of the present invention. The 
cleaning step utilizes a selective etching gas, XeF2 (xenon 
difluoride), with E (electron) beam enhancement to selec- 
tively etch the polysilicon to form a sharp polysilicon pro- 
file contrast and to provide high resolution images. The E 
beam energizes the XeF2 gas to speed up the etching 
process. 

[0023] one particular exemplary process was carried out and is 
described below. The exemplary process used an FEI cor- 
poration electron microscope and performed the process 
with the following parameters and conditions. 

[0024] i The first step used an electron (E) beam initiated metal 
(e.g. Pt platinum) coating for encapsulation, which re- 
sulted in minimized damage to the tested features by the 
electron beam. The particular exemplary process used an 
FEI corporation electron microscope with the following 
parameters and conditions: 

[0025] e beam in the range of 500 eV to 3000 eV (electron volts) 



with a flexible beam current; 
[0026] beam scanning conditions, (DW(dwell time) = 0.2 us, OL 

(overlap, where 0 is no or 0 % overlap) = 0; 
[0027] beam scanning size = 3 um x 2 urn x 0.2 urn (length x 

width x depth), tilt = 52°; 
[0028] precursor, C9H16Pt (Methylcyclopentadienyl platinum, 

(CH3C5H4)(CH3)Pt) which is a standard gas for the FEI 

tool, and 

[0029] using a standard gas injection system (GIS) for the FEI 
tool. 

[0030] 2. The second step used a FIB (focused ion beam) to cut a 
cross-section through the sample using a standard pro- 
cess for the FEI tool with: 

[0031] beam scanning conditions, (DW = 10 us, OL = 50%); 

[0032] scanning box size = 3um x 0.8um x 0.12 um (depending 

on feature size); 
[0033] image mode, cleaning cross section (CCS) which mills a 

series of advancing lines, beam = 10 pA (pico amps). 
[0034] 3 The third step used an E beam and XeF2 gas cleaning 

on the cross-section cut through the sample: 
[0035] the E beam slows down the XeF2 gas etching rate relative 

to the prior art ion beam to provide a more controllable 

and moderate rate etching process; 



[0036] cleaning and imaging are simultaneous, allowing E beam 
imaging while the cleaning is taking place to evaluate the 
extent of cleaning; 

[003 7 ] E beam range, 500 eV to 12,000 eV, Tilt = 52°; 

—6 —4 

[0038] g as pressure in chamber = 2.3 x 10 mbar (0 to 1 x 10 
mbar); 

[0039] precursor gas, XeF2 is delivered by a standard GIS for the 
FEI tool. 

[0040] 4, The fourth step is SEM (scanning electron microscope) 
imaging of the silicon surface features preserved in the 
encapsulating metal. 

[0041] The present invention uses SEM+XeF2 to etch polysilicon 
in an in-situ application at a controllable moderate rate 
for the purpose of delineation of the boundary of polysili- 
con and the encapsulation metal layer to provide for an 
accurate metrology measurement of the dimensions of the 
polysilicon features as preserved in the encapsulating 
metal. 

[0042] This is followed by imaging of the tested features with an 

SEM (scanning electron microscope). 
[0043] a comparison of the process of the present invention with 

the process of the prior art demonstrated the following 

advantages of the present invention. 



[0044] The damaged edge roundness decreased by 17 nm for the 
top edge (56% better), and decreased by 12 nm for the 
bottom edge (44% better). For the present invention, the 
top-edge roundness can reach an average of 6 nm. The 
prior art process resulted in a narrower line width, with 
the difference being worse near the top and bottom 
edges. The present invention resulted in more vertical 
sidewall angles. The prior art process did not provide a 
sharp boundary transition which can cause measurement 
errors. 

[0045] a comparison of the present invention with AFM (atomic 
force microscopy) on the metrology of a polysilicon line 
from 130 nm ground technology measured seven fields, 
each with a different line width. The AFM methodology 
used a ten scan line average as an RMS (reference mea- 
surement system), while the present invention used the 
dual beam methodology as described herein. The data 
from the AFM and the dual beam methodology are from 
the same field, but not from the exact same location. The 
total measurement uncertainty (TMU) was less than 7.4 
nm all CDs (critical dimensions) (75% CD, 50% CD, and 
10% CD). In summary, the present invention provided an 
excellent 3D profile. 



[0046] while several embodiments and variations of the present 
invention for high resolution cross-sectioning of polysili- 
con features with a dual beam tool are described in detail 
herein, it should be apparent that the disclosure and 
teachings of the present invention will suggest many al- 
ternative designs to those skilled in the art 



